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(57) Abstract 

A spread-spectrum noise canceller (182) is provided. A 
received phase and a received amplitude for a first (216) and 
a second (236) component of a recdved spread-spectrum sig- 
nal (200) is determined. The second component (236) is struc- 
turally similar to the first component (216), but differs by be- 
ing received at a different time, being transmitted along a 
different path, or having a different phase. In addition, the 
spread-spectrum signal (200) inchides a first and a second 
known signal. A portion of a spread-spectrum noise signal in 
the received signal (200) is canceled by generating an estimat- 
ed signal (270) by spreading (260) the second known signal at 
the second component received phase (224) with the first 
known signal at the first component received phase (204) and 
adjusting a gain (268) of an integrated form of the spread sec- 
ond known signal as a function of the received amplitudes of 
the first (216) and the second (236) components. Subsequent- 
ly, the second known signal is processed out of the received 
spread-spectrum signal (200) by subtracting (166) the estimat- 
ed signal (270) from a demodulated form (216, 236) of the re- 
ceived spread-spectrum signal (200). 
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METHOD AND APPARATUS FOR CANCEUN6 
SPREAD-SPECTRUM NOISE 



5 Reld of the invention 

The present invention relates to communication systems which 
employ spread-spectrum signals end, more particularly, to a method 
and apparatus for canceling spread-spectrum noise in a communication 
10 channel. 

Badcground of the Invention 

In general, the purpose of a communication system is to transmit 
1 5 inforTnation-t>earing signals from a source, located at one point, to a 
user destination, located at another poivx some distance away. A 
communication system generally consists of three t>asic components: 
transmitter, channel, and receiven The transmitter has the function of 
procescing the message signal into a form suitat>le for transmission over 
20 the channel. This processing of the message signal is referred to as 
nrxxlulation. The function of the channel is to provide a physical 
connection t>etween the transmitter output and the receiver input The 
function of the receiver is to process the receh^ed signal so as to 
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produce an estimate of the original message signal. This processing of 
the received signal is referred to as demodulation. 

Two types of channels exist, namely, point-to point channels and 
broadcast channels. Examples of point-to-point channels include 
5 wirelines (e.g., local telephone transmission), microwave links, and 
optical fit)ers. in contrast broadcast channels provide a capability 
where many receiving stations may be reached simultaneously from a 
single transnutter (e.g., local television arxi radio stations). 

Analog and cfigital transmission methods are used to transmit a 

10 message signal over a commurucation channel. The use of digital 
methods offers several operational advantages over analog methods, 
including but not Bmited to: increased immunity to channel noise and 
interference, fiexOrie operation of the system, common format for the 
transmission of different kinds of message signals, and improved 

1 5 security of communicatton through the use of encryption. 

These advantages are attained at the cost of increased 
transmission (channeQ bandwidth and increased system complexity. 
Through the use of very large-scale integration (VLSI) technok)gy a 
cost-effective w^ of buikSng the hardware has been developed. 

20 One cS^tai transmis^n method that waf be used for the 

transnrtissk>n of message signals over a communication channel is 
pulse-code modulation (PCM). In PCM, the message signal is sampled, 
quantized, and then encoded. The sampling operation permits 
representation of the message signal by a sequence of samples taken 

25 at uniformly spaced instants of tinra. Quantization trims the amplitude of 
eatiti sample to the nearest value selected from a finite set of 
representation levels. The corrtbinatton of sampfing and quantizatton 
permits the use of a code (e.g.» binary code) for the transnusston of a 
message signal. Other forms of digital transmisston use similar methods 

30 to transmit message signals over a communicatbn channel. 

When mess^e ^nals are digitally transmitted over a band- 
Bmited channel, a form of interference known as intersymbol 
interference may result The effect of intersymbol interference, if left 
uncontrolled, is to severely limit the rate at wMch cfigital data may be 

35 transmitted without error over the channel. The cure for controlling the 
effects of intersymtx)! interference may be controlled by carefully 
shaping the transmitted pulse representing a binary symbol 1 or 0. 
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Further, to transmit a message signal (either analog or digital) 
over a bandpass communication channel, the message signal must be 
manipulated into a form suitable for efficient transmission over the 
channel. Mocfificatton of the message signal is achieved by means of a 
5 process termed modulation. This process involves varying some 
parameter of a carrier wave in accordance with the message signal in 
such a way that the m^sage information is preserved and that the 
spectrum of the modulated wave contained in the assigned channel 
bandwidth. CorrespomSngly, the receiver Is required to reKaneate the 

1 0 original message signal from a degraded version of ttte transmitted 
signal after propagation through the channel The re-creation is 
accompEshed by using a process known as demodulation, which is the 
inverse of tfie nruxiulation process used in the transmitter. 

in addition to providing efficient transmission, there are other 

15 reasons for performing modulation. In particular, the use of modulation 
pennits multipiexing. that is, the simultaneous transmission of signals 
from several message sources over a common cfianneL Also, 
modulation may be used to convert the message ^nal into aform less 
susceptible to noise and interference. 

20 Typically, in propagating through a channel, the transmitted 

signal is cfistorted t)ecause of mnHnearities and imperfections in the 
frec^ncy response of the channel Other sources of degradation are 
noise and interference added to the received signal during the course of 
transmission through the channel. Noise and distortion constitute two 

25 baac Erratations in the design of communication SjfSiBtns. 

There are various sources of nrnse, internal as well as external to 
the^stem. Although noise is random in nature, it ms^ be descra)ed in 
terms of its statistical properties such as the average power or the 
spectral distribution of the average power. 

30 In any communication system, there are two primary 

communication resources to be employed, namely, average transnritted 
power and channel bandwidth. The average transmitted power is the 
average power of the transmitted signal. The channel bandwidtii 
defines the range of frec|uencies that the channel uses for the 

35 transmission of signals with satisfactory fidelity. A general system 

desgn objective is to use these two resources as efficiently as possible. 
In most channels, one resource may be considered more important than 
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the other. Hence, we may also ctassrfy communication channels as 
power-limited or band-limited. For example, the telephone circuit is a 
typical band-limited channel, whereas a deep-space communication 
link or a satellite diannel is typically power-limited. 
5 The transmitted power is important because, for a receiver of 

prescrit>ed noise figure, it determines the allowable separation between 
the transmitter and receiver. In other words, for a receiver of prescribed 
noise figure and a prescribed distance t>etween it and the transmitter, 
the available transmitted power ctetermines the ^naMo-noise ratio at 

10 the receiver input This, subsequently, determines the noise 

performance of the receiver. Unless this performance exceeds a certain 
design level, the transmission of message signals over the channel is 
not considered to be satisfactory. 

Additionally, channel bandwidth is important; because, for a 

1 5 prescribed band of frequencies characterizing a message signal, the 
channel bandwidth determines the number of such message signals 
that can be muMplexed over the channel In other words, for a 
prescribed number of independent message signals that have to share 
a common channel, the channel bandwidth determines the band of 

20 frequencies that may be allotted to the transmission of each message 
signal without discemik>le cfistortion. 

For spread-spectrum communication systems, these areas of 
concern have been optimized in one particular manner. In spread- 
spectrum systems, a modulation technique is utilized in which a 

25 transmitted signal is spread over a wide frequency band Thefrequency 
band is wider than the minimum bandwidth required to transmit the 
informabon being sent A voice signal, for example, can be sent with 
amplitude modulation (AM) in a bandwidth only twice that of the 
infonnation itself. Ottier forms of modulation, such as low deviation 

30 frequency modulation (FM) or single »deband AM, also permit 
information to be transmitted in a bandviridth comparak>le to the 
t>andwidtii of the information itself. A spread-spectrum system, on the 
other hand, often takes a baseband signal (e.g., a voice channel) with a 
bandwidth of only a few kilohertz, and cfistributes it over a t>and that may 

35 be many megahertz wide. This is accomplished by modulating with the 
information to t>e sent and with a wideband encoding signal. Through 
the use of spread-spectrum modulation, a message signal may k>e 
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tiansmitted in a channel in which the noise power is higher than the 
signal power. The modulation and demodulation of the message signal 
provides a signaMo-noise gain which enables the recovery of the 
message signal from a noisy channel. The greater the signal-to-noise 
5 ratio for a given system equates to: (1) the smaller the bandwidth 
required to transmit a message signal with a low rate of error or (2) the 
lower the average transmitted power reqidred to transmit a message 
signal with a low rate of enor over a given bandwidth. 

Three general types of spread-spectrum communication 
10 techniques exist, including: 

The modulation of a carrier by a (figitai code sequence 
whose bit rate is much higher than the information signal 
bandwidth. Such systems are referred to as "direct 
15 sequence* modulated systems. 

Canrler frequency shifting in cfiscrete increments in a 
pattern dictated by a code sequence. These ^stems are 
called fTBquency hoppers'. The transmitter jumps from 
20 frequency to frecfuen^ wMrin some predetermined set; the 

Older of frequency usage is determined by a code 
sequence. Similarly lime hopping" and "time-frequency 
hopping" have times of transntission whk:h are regulated 
by a code sec^uerwe. 



25 



Pulse-FM or "c:hirp" modulation in which a carrier is swept 
over a wkto baiKl ciuring a given pulse interval. 



Information O-e.. the message signal) can be embedded in the 
30 spectnim signal by several methods. One method is to add the 
information to the spreading code before it is used for spreading 
modulation. This technique can be used in direct secfuence and 
frecjuency hoppir^ systems. It will be noted that the information t)ong 
sent must be in a coital form prtorto adcfing it to the spreading c»de. 
35 because the combination of the spreading code, typically a binary code, 
involves moduto-2 adcfition. Alternatively, the information or message 
signal may be used to modutete a canier before spreading it. 
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Thus. a spread-spectrum system must have two properties: (1) 
the transmitted bandwidth should be much greater than the bandwidth 
or rate of the information being sent, and (2) some function other than 
the information being sent is employed to determine the resulting 
5 modulated channel bandwidth. 

The essence of the spread-spectrum communication involves the 
art of expanding the bandwidth of a signal, transmitting the expanded 
signal and recovering the desired signal by remapping the received 
spread-spectrum into the oriipnal information bandwidth. Furthermore. 

10 inthe processofcanying out this series of bandwidth trades, the 

purpc^ of spread-spectrum technique is to allow the system to deliver 
i n form a ti o n with low error rates in a noisy signal environment 

The present inventton enhances the abi% of spread-spectrum 
^sterns ami. in particular, code division multipie access (CDMA) 

15 oeRular radio-telephone Systran to recover spread-spectrum signals 
from a noisy racfio communication channeL In CDMA cellular racfio- 
talephone systems, the "users^ are on the same frequency and 
separated only by unique user codes. The noise interference level in 
the communication channel Is directly related to the interference level 

20 created by the users plus additive Gaussian noise and not solely by 
adcfitive Gaussian noise Bke in other communication systems. Thus, the 
numbor of users that can simultaneously use the same frequenqr band 
in a ghren cellular region with a low relative of additiva Gaussian noise 
is Bmited primarily by the code noise of all active "users'. Thepresent 

25 invention reduces the effects of undesired user code noise and thus 

significantly increases the numtier of users which can simultaneousiy be 
serviced by a given cellular region. 



Summary of the invention 

30 

A spread-spectrum mnse canceHer is provided. A received 
phase and a received amplitude for a first and a second component of a 
received sprBad-^)ectnjm signal are determined. The second 
component is stmcturaliy similar to the first component, but cSffers by 
35 being received at a cfifferent time, being transmitted along a cfifterent 
path, or having a different phase. In addition, tto spread-spectmm 
signal includes a first and a second known signal. A portion of a 
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10 



20 



spread-spectrum noise signal in the received signal is canceled by 
generating an e^mated signal by spreading the second ioiown signal 
at the second component received phase with the first ioiown signal at 
the first component received phase and adjusting a gain of an 
integrated form of the second spnad known signal as a function of the 
received amplitudes of the first and the second components. 
Sut)sequentiy, the second known signal is processed out of the 
received spread-spectrum dgnal by subtracting the estimated agnal 
from a demodulated form of the received spread-spectrum signal. 

Brief Descriptton of the Drawings 



FIG. 1 is adiagram showing a prior art spread-spectium 
communication system. 
15 FIG. 2 is a tyrant showing a preferred errdxxfiment intend 

structure of a racmver taving a spread-spectrum noise canceOerfbr use 
in the prior art spread-spectrum communkatton ^stem shown in FIG. 1. 

FIG. 3 is a fknvchart summarizing the operatk>n of the preferred 
emtxxHment noise canceller shown in FIG. 2. 



Detailed Descriptton 



Referring now to FIG. 1. a prtor art spread-spectnim 
communicatton system, as substantially described in U.S. Patent No. 

25 5.103.459 tor GllhousenetaL filed June 25, 1990, and "On the System 
Design Aspects of Code Diviston Multiple Access (CDMA) AppUed to 
Digital Cellular and Personal Communication Networks." Allen Sabnasi 
and Klein S. Gilhousen. presented at the Ai st IFFF Vehlcuiar 
Tftrhnntnnv Confamnee on Mav 19-22. 1991 in SL LouiS. MO. pages 

30 57'62. is shown. 

In the prior art sfmad-spectrum communication ^stem. traffic 
channel data bits 100 are input to an encoder 102 at a particular bit 
rate (e.g.. 9.6 kitobits/Second). The traffic channel data bits can include 
either vmce converted to data by a vocoder, pure data, or a combination 

35 of the two types of data. Encoder 102 convoluttonally encodes the input 
data bits 100 into data symbote at a fixed encocfing rate. For example, 
encoder 102 encodes received data bits 100 at a fixed encoding rate of 
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one data bit to two data symtwis such that the encoder 102 outputs data 
symbols 104 at a 19^ Wlosymbols/second rate. The encoder 102 
accommodates the input of data bits 100 at variable rates by encoding 
repetitton. That is when the data bit rate is slowerthan the particular bit 
5 rate at which the encoder 102 is designed to operate, then the encoder 
102 repeats the input data bits 100 such that the input data bits 100 
are provided to the encoding elements within the encoder 102 at the 
equivalent of the Input data bit rate at which the encoding elements are 
designed to operate. Thus, the encoder 102 outputs ctela symbols 104 
10 at the same fixed rate regardless of the rate at winch data bits 100 are 

input to the encoder 102. 

The ^«?ta symbols 104 are then input into an interteaver 106. 
interleaver 106 interleaves the input data symbols 104. This 
interleaving of related data symtx>ls 104 causes kKirsts of errors in a 

15 communication channel 138 to be spread out in time and thus to be 
handled by a decoder 178 as If they were Independent random errors. 
Since, commurtication channel 138 memory decreases with time 
separation, the idea betvnd Interieaving is to separate (i.e^ make 
independent) the related data ^mbois 104 of an encoded data trit 100 

20 intime. The intervening space in a transmission block Is filled with other 
rtflta ^mbols 104 related to other erK»ded bits 100. Separating the 
rifltg symbols 104 sufficiently in time effectively transfonns a 
communication channel 138 with memory into a memoryless one, and 
thereby enable the use of the random-error correcting codes (e.g., 

25 convolutional codes and block codes). Subsequently, a maximum 

fikelihood convolutional decoder 178 can ntake a decision based on a 
sequence of date samples 176 of a received signal in which each date 
sample 176 is assumed to be independent from the otfier date samples 
176. Such an assumption of independence of date samples 176 or 

30 memorylessness of the communicatton channel 138 can improve the 
performance of a maximum KkeGhood decoder 178 over a decoder 
which does not make such assumptions. The interleaved date symbols 
108 are output by the interteaver 106 at the same date symbol rate that 
they were input (e.g.. 19.2 kiiosymbols/second) to one input of an 

35 Exdusive-OR/multiplier 112. 

A long pseudo-noise (PN) generator 110 is operatively coupled 
to the other input of the Exdusive-OR/muttipHer 112 to enhance the 
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securtty of the communication in the communication channel by 
scrambBng the data symtnis 108. The long PN generator 110 uses a 
long PN sequence to generate a user specific sequence of symbols or 
unique userspreacSr^ code at a fixed rate equal to the data symbol rate 
5 of the data symbols 108 which are input to the other input of the 

Exdusive-OR gate 112 (e.g.. 19.2 Mlosymbols/^econd). The scrambled 
data symbols 114 are output ftom the Exdusive-OR/muitipeer 112 at a 
fixed rale equal to the rate that the data ^rmbois 108 are input to the 
Exdusive-OR gate 112 (e.g.. 19.2 idiosymbois/^econd) to one input of 

10 an Exdusive-OR^Itipier 118. 

A code cBvision channel selection generator 116 provides a 
particuiar predetermined length Walsh code to the other input of the 
Exdusive-OR/multipUer 118. The code division channel selection 
generator 116 can provide one of 64 orthogonal codes corresponding 

15 to 64 Walsh codes from a 64 by 64 Hadamard matrix wherein a Walsh 
code is a singto row or column of the matrix. The Exdusive- 
OR/multiplier 118 uses the particular Walsh code input by the code 
cfivision channel generator 116 to spread the input scrambled data 
symbols 114 into Walsh code spread data symbols 120. It will be 

20 appreciated by those sidlled in the art that "Spreacing' tea term used to 
describe the operation of increasing the number of ^mkmls which 
represent input data ^mbols. For example, the oomtriner 118 msqf 
reortve a sequence of scrambled data symbols 114 at a rate of 19.2 
kiiosymbols/second. Each scrambled data symbol 114 is combined 

25 with a Walsh spreading code 116 such that each scrambled data 
symbol 114 is represented by or spread into a single 64 bit length 
Walsh spreading code 120. As a result, the Walsh code spread data 
symbols 120 are output from the Exdusive-OR/multipfier 118 at afixed 
chip rate (e.g.. 1 .2288 Megachips^second). The term "chip* is used in 

30 the art interchangrable with Vha term "bits" when describing segments of 
a spread cfigital signaL 

The Walsh code spread data symbols 120 are provided to an 
input of two ExdusiveOR/multiptiers 122 and 128. respecth^ely. A pair 
of short PN sequences (i.e.. short when compared to the long PN 

35 sequence used by the long PN generator 110) are generated by i- 
channel PN generator 124 and Q-channel PN generator 130. These 
PN generators 124 and 130 may generate the same or different short 
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PN sequences. The Exciusive-OR/multipfiers 122 and 128 further 
spread the input Walsh code spread data 120 with the short PN 
sequences generated by the PN l-channel generator 124 and PN Q- 
diannel generator 130, respectively. The resulting l-channel code 

5 spread sequence 126 and Q-channel code spread sequence 132 are 
used to quadrature-phase shift l<ey (QPSK) modulate a quadrature pair 
of sinusoids 134 by driving the power level controls of a pair of 
sinusoids. The sinusoids' output signals are summed, bandpass 
filtered, translated to a radto frequency (RF). amplified, filtered and 

10 radiated by an antenna 136 to complete transmission of the traffic 
channel data titis 100 in a commurrication channel 138. 

Antenna 140 receives a spread-spectrum signal such that the 
received signal can be processed in a sut)Stantially complementary set 
of operations as compared to the set of operations performed on the 

15 traffic channel data bits 100 prior to their transmission over 

communication channel 138 by antenna 136. The received spread- 
spectrum agnal is transtated to a baseband frequency, filtered, and 
QPSK demodulated 142 into a demodulated spread-spectrum signal 
144, 146. Subsequently, the demodulated spread-spectaim agnal 

20 144, 146 is quadrature despread. A pair of short PN sequences are 
generated by l-channel PN generator 148 and Q-channel PN generator 
154. These PN generators 148 and 154 must generate the same short 
PN sec^nces as tfie PN generators 124 and 130. respectively. The 
Exdusive-OR/multipliers 150 and 152 despread the input demodulated 

25 spread-spectrum signals 144 and 146. respecthfely. The resulting I- 
channel code despread sequence 156 and Q-channel code despread 
sequence 158 are combined into quadrature despread data samples 
160. 

A code dMsion channel selection generator 164 provides a 
30 particular predetemtined length Wateh code to an input of the Exdush^e- 
OR/multiplier 162. The code (fivision channel selection generator 164, 
Bke generator 116, can provide one of 64 orthogonal codes 
conesponding to 64 Walsh codes from a 64 by 64 Hadamard matrix 
wherein a Walsh code is a single row or column of the matrix, but to 
35 property despread a particular code transmission the same Walsh code 
as the transmitter generator 116 generated must be generated. The 
Exdushre-OR/multipKer 162 uses the particular Walsh code input by the 
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cocte division channel generator 164 to despread the input quadrature 
despread data samples 160 into Walsh code despread data sanqsies 
166. It will be appreciated by those skilled in the art that 'despreacKng' 
is aterm used to describe the operation of decreasing the number of 
5 samples which represent input For example, the combiner 162 may 
receive a sequence of despread data samples 160 at a rate of 1.2288 
Megasamptes/becond. Agroupof 64 despread data samples 160 is 
combined with a selected Walsh despreading code 164 such that the 
group of 64 despread data samples 160 is represented by or despread 

10 intoasingte Walsh despread data sample 166. As a result, the Walsh 
code despread data samples 166 are output from the Exdusive- 
OR/muttipier 162 at a fixed rate (e.g^ 19.2 idlosamples/&econd). 

A long PN generator 170 is operathmiy coupled to the input of 
the Exdusive-OR/multiplier 168 to descramble the despread date 

15 samples 166. The long PN generator 170 uses a long PN sequence to 
generate a user spedfic seqirance of samples or unique user spreacfir^ 
code at a fixed rate equal to the date samples rate of the despre»l date 
samples 166 which are input to the other input of the Exdusive-OR gate 
168 (e.g.. 19.2 idlosampies/second). This operation uses the same 

20 long PN sequence as generated by long PN generator 110 and is the 
logical complement of the scrambling operation performed by the 
Exdusive-OR gate 112. The descrambled date samples 172 are 
output from the Bcdusive-OR/rmilt^r 168 at a fixed rate equal to the 
rate that the despread date samples 166 are input to the Exdi^ive-OR 

25 gate 168 (e.g.. 19.2 Idlosamples/tecond). 

The descrambled date samples 172 are then input into a 
deinterteaver 174. Deinterleaver 174 deinterleaves the input 
descramt>led date samples 172 in a manner winch is the logicai 
complement of the interleaver 106. The deinterieaved date samples 

30 176 are output by the deinterleaver 174 at the same date sample rate 
that they were input (e.g.. 19.2 kilosamples/second). Subsequently, a 
maximum likelihood convolutional decoder 178 makes dedsions based 
on the input sequence of deinterieaved date samples 176. The 
maximum Kkelihood decoder 178 preferably generates estimated date 

35 bits 180 by utilizing maximum likelihood decoding techniques which 
are substantially similar to the Vitert)i decoding algorithm. 
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Referring now to RG. 2. a diagram Is shown of a prefenred 
embocfiment internal structure of a portion 182 of a receiver having a 
spread-spectrum noise canceller for use in the prior art spread-spectrum 
communication system shown in RG. 1. 

5 The receiver portion 182 as described hereinafter preferably is 

implememed in a mobilB communication unit of a cellular racBo 
communication ^stem also having a piuraBty of base stations or central 
communication sites, tt will be appreciated by those sidlled in the art 
that the particular receiver portion structure 182 having a noise 

1 0 canceller described herein could readily be adapted for use in the 
central communication sites or in any other communication ^stem 
hairing similar Imowiedge of the multipath characteristics of the signal 
received on a communication channel. 

It will be appredatad by those si<illed in the art that spreading 

15 codesotherthan Walsh spreading codes 116. 164 can be used to 
s^tarate data signals from one another in a CDMA communication 
system. For instance. PN spreading codes can be used to separate a 
ptajralify of (tela signals. A particular data signal can t>e separated from 
the other data signals by using a particular PN ^reacfing code which is 

20 offset by a particular phase to spre»l the particuiar data signal. For 
exampte. in a CDMA spread-spectrum commuiucation system, a 
particular PN spreading code can be used to generate a plurality of 
channels by using a dttferent offset phase fbrthe PN spreading code for 
each charmel of the communication system. Furthermore, the 

25 modulation scheme of the signals is assumed to be quadrature phase 
shift keying (QPSK). However, it will be appreciated by those skilled in 
the art that other modulation techroques can be used without departing 
from the teachings of the present inventton. Rnally, in the prefenred 
embocfiment. the communlcatton channel 138 fbrthe cellular 

30 commuracation ^stem is in the 900 MHz region of the electromagnetk: 
spectrum. However, other regions of the electromagnetic spectrum may 
be used wittiout departir^ from the teachings of ttie presem invention. 

The portion 182 of the receiver shown implements "Rake" 
receiving techniques to reduce ttie effect of multipath fecfing in the 

35 communication channel, tt will be appreciated by those skilled in the art 
that "Rake" receiving techniques are well known in the art of rado 
communication. For example, "A Communication Technique for 
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Multipath Channels,* R. Price and P.E. Green. Jr.. CiQcasdiDasJiLtbfi 
IRE. March 1958, pages 555-570 describes the basic operation of a 
'Rake" receiver. Briefly, a "Ralte" receiver performs a continuous, 
detailed measurenient of the multipath characteristic of a received 
5 signal. This knowledge is then expimted to combat the selective fading 
by detecting the echo signals Individually, using a correlation method, 
and algebraically combining those echo signals into a single detected 
signal. The intersymk)oi interference is attenuated by varying the time 
dete^ or phase betvveen the various detected echo signals prior to their 
10 algebraic comtxnatton. 

Similar to the prior art communication system shown in FIG. 1 , the 
antenna 140, shown in RG. 2 receives a spread-spectrum signal such 
that the received signal can be processed in a sutistantially 
complementary set of operations as compared to the set of operations 
1 5 performed on tho traffic channel data bits 100 prior to their transmisston 
over communication channel 138 by antenna 136. The received 
spread-spectrum signal is a composite signal indudng several signals 
in dffferent spread-spectrum channels. At least one of tfi^e spread- 
spectrum signals is a known pilot data signal. Each of spread-spectnmi 
20 senate in the composiie received spread-spectrum signal may be 

received by receiver 182 from one or more base stations and along one 
or more communication paths. As a result, each of the signals in a 
particular spread-spectrum channel may have several components 
whk:h vary in amplitude and/br phase from the other signals in the 
25 channel In the prefennBd embodiment, similar pikit data signals are 
transmitted from each base station in the communication system. 
However, when a mobile communication unit is attempting to retrieve 
0.e., demodulate and decode) a particular signal from a spread- 
spectrum channel, these pitat data signals contrftxite to the non- 
30 de termin istic noise in the commuracation channel 138. Th^e 

undesired signals can be canceled when the receiver has obtained 
partK:ular information concerning the communication channel and the 
received composite spread-spectrum signal. 

The spread-spectnjm signal received on antenna 140 is 
35 translated to a baset)and frequency, filtered, and QPSK demodulated 
142 into a demochjiated spread-spectrum signal 200. During this 
demodulation process 142. a received phase and a received amplitude 
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for each component of the received spread-spectrum signal is 
determined. The phase represents the moment in time that a particular 
component is received relative to the other components. The amplitude 
represents the relative received signal strength or received accuracy of 
5 the component relative to the other components. During the following 
discussion, the received spread-spectrum signal is assumed to have a 
signal in one particutar spread-spectrum channel and further that the 
signal has three components. These signal components have followed 
different communicatton channel paths on their to receiver 182. 

10 Forthisexample.thefirstcon^nentwastransmittedby abase station 
in a primary serving cell and was received at a phase ^ and an 
ampfitudeAi. Sinrilariy, the second component was transmitted kjy the 
base station in the primary serving cell, k»Jt traveled along a cfifferent 
commurucation path than the first component, and was received at a 

15 phase Randan amplitude A2. Hnaliy, the third component was 

transmitted bf a t»se station In a secondary serving cell (e.g., during a 
soft hand-off situation) and was received at a phase ^ and an 

ampfitude A3. 

In the prefenmj emtiodiment 'Rake' recnver 182. demodulated 

20 spread-spectrum signal 200 is Irqxit to indvidual receiver porttons 
which manipulata each of the three signal components. The first signal 
component is quadrature despread by inputting the demodulated 
spread-spectrum signal 200 Into Exdush/e-OR combiner 202. A pair of 
short PN sequences are generated by l-channel PN generator 148 and 

25 Q-channelPN generator 154 (shown in FIG. 1). The pair of short PN 
sequences is Input 204 to the Exdushre-OR combiner 202 at the first 
component phase ^. Exdushre-OR combiner 202 despreads the input 
demodulated spread-spectmm signal 200. In addition. Exdushre-OR 
combiner 202 combines the resulting l-channel code despread 

30 sequence and Q-channel code despread sequence into qu^rature 
despread data samples 206. It will be appreciated by those skilied in 
the art that although a single Exdusive-OR combiner 202 is described 
above, like in the prior art receiver, shown in FIG. 1. two Exdusive- 
OR/multipliers (e.g.. nuiitipliers 150 and 152) could be used. 

35 The quadrature despread data samples 206 for the first signal 

component are input to Exdusive-OR/muttiplier 208. A code division 
channel selection generator 164 (shown in RG. 1) provides a particutar 
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predetemrined length Walsh code (Wi) at the first signal component 
phase ^ 210 to the other input of the Exdusive-OR/muttiprier 208. The 
Exdusive-OR/muttipyer 208 uses the particular Walsh code (WO 210 
input Isy the code division channel generator 164 to despread the input 
5 quadrature despread data samples 206 into Walsh code despread data 
samples 212. 

These Walsh code despread data samples 212 are then ir^ to 
integrator 214 which integrates the data samples 212 over a 
predetermined time period (T) and adjusts the gain of the input data 

10 samples 212 signal. The predetemitined lime period (T) preterat>ly 
corresponds to a desired output rate of data samples from the "Rake" 
receiver 182 (e.g., 19.2 Miosamples^second output rate which 
corresponds to T-1/19.200 of a second). The gain of the input data 
samples 212 signal is adjusted by a gain factor gi which is a function of 

1 5 the amplitude of the first signal component Ai (gi - f(Ai)). This gain 
factor gi is also cietermirwd such ttiat it enables maximum ratio 
combining of the three signal components. In addWon, the input data 
sample 212 gain is divided/adjusted by the predetermined time period 
(T) so that the output signal 21 6 gain twtter rstects the gain associa te d 

20 with each input data sample 212. The output of Integrator 214 is a 
Walsh code despread data sample signal 216 for the first signal 
component. This first signal component Walsh code despread data 
sample signal 216 ms^ optionally be switched into an input 218 of a 
signal processor 220. It will be appredated by those sidlled in the art 

25 that the int^rator 214 function inay be implemented with a data sample 
summing circuit and multipBer. 

The second signal component can be derived from the 
demodulated spread-spectrum signal 200 in a manner similar to that 
previously described for the first signal component The second signal 

30 component is quadrature despread by inputting the demodulated 

spread-spectrum signal 200 into Exdusive-OR comt)iner 222. A pair of 
short PN sequences are generated by l-channel PN generator 148 and 
Q-channel PN generator 154 (shown in RG. 1). The pair of short PN 
sequences is input 224 to the Exdushre-OR combiner 222 at the 

35 second component phase ^. Exdusive-OR combiner 222 despreads 
the input demodulated spread-spectnim signal 200 and combines the 
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resulting l-channel code despread sequence and Q-channel code 
despread sequence into quadrature despread data samples 226. 

The quadrature despread data samples 226 for the second 
signal component are input to Exdusive-OR/muttipiier 228. A code 
5 (fivision channel selection genetaaar 164 (shown in RG. 1) provides a 
particular predetermined length Wal^ code (}Ni) at the second signal 
compor»nt phase <^ to the other input of the Exdusive-OR/muttipBer 
228. The Exdusive-OR/huiltipller 228 uses the particular Walsh code 
(Wi) at the second signal component phase 42 230 input by the code 
10 (fiviston channel generator 164 to despread the input quadrature 
despread data samples 226 into Walsh code despread data samples 
232. 

These Walsh code despread data samples 232 are then input to 
integrator 234 which integrates the data samples 232 over a 

15 predetermined time period (T) and adjusts the gain of the input data 
samples 232 signal. The gsun of the input data samples 232 signal is 
acQusted a gain factor g2 which is a ftmction of the an^>litude of the 
second signal component A2(g2sf(^). This g^fectorgs is also 
determined such that it enatiles maximum ratio comtNning of the three 

20 signal comporrants. In adcfition, the input data sample 232 gain is 

{fivided/^Klusted t)y the predeterntined time period (T) so that the output 
signal 236 gain beOsr reflects the gsun associated with each input data 
sample 232. The output of integrator 234 is a Walsh despread data 
sample signal 236 for the second signal component This second 

25 signal component Walsh code despread data sample signal 236 rmqr 
optionally be switched into an input 238 of the signal processor 220. 

The ttmd signal component can be derived from the demodulated 
spread-spectrum signal 200 in a manner similar to ttat previously 
described forthe first and second signal components. The third signal 

30 component is quadrature despread by inputting the demodutated 

spread-spectrum signal 200 into Exdushre-OR combiner 242. A pair of 
short PN sequences are generated by l-channel PN generator 148 and 
Q-channel PN generator 154 (shown in RQ. 1). The psur of short PN 
sequences is input 244 to the Exdusive-OR combiner 242 at the third 

35 component phase ^. Exdusive-OR comtxner 242 de^reads the input 
demodulated spread-spectrum signal 200 and combines the resulting I- 
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channel code despread secpjence and Q-channel code despread 
sequence into quadrature despread data samples 246. 

The quadrature despread data samples 246 for the third signal 
component are input to Exdusive-OFVmuitipiier 248. A code division 
5 channel selection generator 164 (shown in RG. 1) provides a particular 
predetennined length Walsh code (Wj) at the third signal component 
phase #3 to the other input of the Exdusive-OR/multipiier 248. The 
Exdusive-OR/multipiier 248 uses the particular Walsh code (Wj) at the 
third signal component phase 49 250 input by the code division channel 

10 generator 164 to de sp rea d the input quadrature despread data 
samples 246 Into Walsh code despread data samples 252. 

These Waish code despread data samples 252 are then input to 
integrator 254 which integrates the data samples 252 over a 
predetermined time period (T) and adjusts the gain of the input data 

15 samples 252 signal. The gain of the input data samples 252 signal is 
acyusted by a gain factor gs wMch is a functton of the amplHude of the 
tWrd signal component A3 (g3 = f(Aa)). This gain factor gals also 
determined such that it enak>les maximum ratio comtrining of the tttree 
signal components. In addttion.ttie input data sample 252 gain is 

20 divided/&d}usted by the predetermined time period (T) so that the output 
signal 256 gain better reflects the gain associated with each input data 
sample 252. The output of integrator 254 is a Walsh despread data 
sample signal 256 for the third signal component. This third signal 
component Walsh code despread data sample signal 256 may 

25 optionally be switched into an input 258 of the signal processor 220. 

The demodulated spread-spectrum signal 200 further includes 
non-deterministic noise consisting of two components. The two 
components to the non-deterministic ncNse are: 

- All of the CDMA spread-spectnim signals which are not being 
30 demodulated by the recehrer. Theseconsistof al^e numberof 

low-level interfering users using the same communication 
channel as the receiver which are in neartyy cells of the 
communication system. 

- Receiver front end noise. By design, additive noise preferably is 
35 below the demodulated spread-spectrum signal 200 when the 

comnninication channel is operating at full capacity. 
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A portion of this first spread-spectrum noise component can be canceled 
from ttie demodulated spread-spectmm signal 200 provided sufficient 
information is known to the receiver. This information includes several 
pieces of data already icnown to a typical 'Rake' receiver like the 
5 prefennBd embodiment receiver portion 182 descril)ed above. This 

known data includes: the ampfitude (lb, Ai. A2. and A3) and phase (i.e., 
♦1, 42. and ^) of each signal component, the short PN spread code 

sequences 148 and 154 used by the communication sy&am, and the 
Walsh code (Wj) for the particular channel being received. With this 

10 known data, the receiver portion m may be configured to cancel the 
noise related to other signal components such as a pikit channel carrier 
signal which m^ be interfering with the desired signal components. 

Typically each Walsh code channel does not contribute any noise 
to the other Walsh code channete because orthogonality is maintained. 

15 However, this is rwttnie when there is significant delay spread^ one 
chip delay) and/br when the receiving unit is in a communkation 
channel hand-off state between two or more transnrtitters. A possible 
situation in which these other channels may contribute noise or cause 
interfermoe in the desired communkatton channel is when either a 

20 delayed r^)fica of the transmitted carrier or transnutted carriers of 
originating in other cells is recoved in the desired commurucation 
channel by the receiver portion 182 and the receiver portion 182 does 
not ffistinguish between the desired signal and the interfering signals. 
As more of these intertering signals contribute to the demodulated 

25 spread-spectmm signal 200 receh«d by the receiver, the signal to 
noise ratk) may deteriorate to near or bekyw a preforred threshoki. 

In the preferred embodiment commurdcatton system, the delsqred 
pibt signal repficas of the primary senring cell and pitot signal energy 
from other nearby cells cause approximately 1 dB of the total noise in 

30 the desired communkatton channel Through the foUowing cancellation 
process, most of that 1 dB of noise can be canceled whk^h resulte in a 
greater signal to noise ratfoforthe desired signal Some of the 
advantages of this cancellation technk^ue inchxte: removing or 
reducing undesired pitot channel signal Interference from the received 

35 signal and alk)wing an increase in tto number of users on a particular 
CDMA communication channel due to the increased capabifity of the 
receivers to handle interference in the communication channel 
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A first estimated interference signal can be derived from the 
known data The previously generated pair of short PN sequences 
having a second component phase ^are input 224 to an Exdusive-OR 

combiner 260. Similarly, previously generated pair of short PN 
5 sequences having a first component phased are input 204 to an 

Exdusive-OR combiner 260. 

Exdusive-OR combiner 260 spreads the second component phase ^ 
sequences 224 with the first component phase fi sequences 204 and 
combines the resulting l-channel code spread sequence and O-channel 

10 code spread sequence into quadrature spread data samples 262. 

The quadrature spread data samples 2B2 for the first estimated 
interference signal are input to Exdusive-OR/multiplier 264. The 
fNreviousiy generated particular predetenirined length Walsh code (Wi) 
at the first signal component phase ^ 210 is provided to the other input 

15 ofthe Exdusive-OR/lrrailtiplier264. The Exdusive-OR/multiplier 264 
uses the particular Walsh code (W|) at the first signal component phase 
^ 210 to spread the input quacbfature spread data sample 262 into 
Walsh code spread data samples 266. 

These Walsh code spread data samples 266 are then input to 

20 integrator 268 which integrates the data samples 266 over a 

predetermined time period (T) and adjusts the gain of the input data 
samptes 266 signal The gain of the input data samples 266 sgnal is 
adjusted by a negative of a product of gain factor gi and (- 
gi-g2) which as previously noted are functions of the amplitude of the 

25 first and second signal components Ai and Az, respectively. This gain 
feutor -gi -gg is also determined such that it enat>les a subtraction from 
the maximum ratio combination of the three s^nal components (i-e.. a 
negative factor). In addition, the input data sample 266 gain is adjusted 
by the predetermined time period (T) so that the output signal 270 gain 

30 better reflects the gain associated with each input data sample 266. 
The output of integrator 268 is a first estimated Wateh despread data 
sampled interference signal 270. This first estimated interference 
signal 270 may optionally be switched into or Input to 272 a signal 
processor 220. 

35 A second estimated interference signal can also be derived from 

the known data. The previously generated pair of short PN sequences 
having a third component phase 03 are input 244 to an Exdusive-OR 
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combiner 280. Simiiariy. previously generated pair of sliort PN 
secpjences having a first component phase ^ are input 204 to an 
Exdusive-OR comt)iner 280. 

Exdusive-OR cofnt)iner 280 spreads the third component phase 43 
5 sequences 244 with the first component phase ^ sequences 204 and 

comk)ines the resulting i-channel code spread secpjence and Q-channel 

code spread sequence into quadrature spread data samples 282. 
The quadrature spread data samples 282 for the second 

estimated interference signal are input to Exdusive-OR/multipiier 284. 
10 The previously generated particular predetermined length Walsh code 

(Wj) at the first signal component phase ^ 210 is provided to the other 

input of the Exdusive-OR/multipier 284. The Exdushre-OR/multipiier 
264 uses the particular Walsh code (Wi) at the first signal component 
phase ^ 210 to spread the input quadrature spread data samples 282 

15 into Walsh code spread data samples 286. 

These Walsh code spread data samples 286 are then input to 
integrator 288 which integrates the data samples 286 over a 
predetermined time period CT) and adjusts the gain of the input data 
samples 286 signal. The gain of the input data samples 286 signal is 

20 adjusted by a negative of a product of gain factor gi and g3(- 

gi-gs) which as prevtousiy noted are functions of the amplitudes of the 
first and tMrd signal components Ai and A3, respective^. This gain 
foctor -gi -ga is also detennined such that it enables a subtraction from 
the maximum ratio combination of the three signal components 0-e., a 

25 negaliva factor). In addition, the input data sample 286 gain is adjusted 
by the predetermined time period (T) so that the output signal 290 gain 
better reflects the gain associated with each input data sample 286. 
The output of integrator 288 is a second estimated Walsh despread 
data sampled interference signal 290. This second estimated 

30 interference signal 290 may optionally be switched into or input to 292 
a signal processor 220. 

The generation of the first and second estimated interference 
signal was made by way of example only. It will be appreciated by 
those skilled in the art that this estimated interference signal process 

35 be continued for any other interfering signal for which sufficient 

information is known. 
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Hnally, signal processor 220 prsferabiy maximum ratio 
combines several signal components (e^.. signal components 216. 
236, 256. 270, and/or 290) into a single Walsh code despread data 
sample 166 ^gnal. This single Wateh code despread data sample 166 
5 signalis output from the signal processor 220 at a fixed rate (e.g., 19^ 
Idlosamples/seGond). Subsequently, the Walsh code despread data 
sample 166 signal is preferably lurther processed in a manner similar to 
the prtor art receiver, shown in RG. 1. to generate estimated data bits 
180. 

10 It will be appreciated by those sWHed In the art that it m^ not be 

desird>le to csurx»l of the Interfering signals from the deared signal 
Thus, the signal strengths of the interfering signals rnay be cornpared to 
the desired signal. Further, only the undesired interfering signals 
having a signai strength greater than the desired signal should be 

15 removed from the composite demodulated spread-spectrum signal 200. 
If the weaker undesired interfering signals are removed, then the 
desired date signal may be partially comjpted. in addition, it will be 
appreciated by those skilied in the art that a spread-spectmrn signal 
(e.g., the desired signal) typically can be detected and retrieved from a 

20 composite signal when its signal strength is greater than the signal 
strengths of interfering signals. Thus, the removal of interfering signals 
from composite signal which have a signal strength less than the 
ctesired signai is unnecessary and may unduly increase the detection 
and retrieval time of the desirsd signal 

25 For exam;^, in the case of the desired agnai having the three 

signal component Wateh code despread date sampfe sigrrate 216. 236, 
and 256, an interferer is removed from the combined singfe Walsh cocfe 
despread date sampfe 166 signal, if it has a stronger signal strength 
than the desired signal components. For instance, the first estimated 

30 signal 270 may have a signal strength greater than the third signal 
component Walsh code despread date sampfe signal 256 and as such 
should be removed from the combined single Walsh code despread 
date sample 166 signal. Thus, the first estimated signal 270 is 
switched input 272 of the signal processor 220. In contrast, the second 

35 estimated signal 290 msy have a signal strength tess than the third 
signal component Walsh code despread date sampfe signal 256 and 
as such should not be removed from the combined single Walsh code 
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daspread data sample 166 stgnaL Thus, the second estimated signal 
290 is not switched input 292 of the signal processor 220. It«nllt)e 
appreciated by those skilled in the art that another signal quality or 
communication ^stem metric may be used to determine which 
5 interfering signals should be canceled from the composite spread- 
spectrum signal without d^)arting from the teachings of the present 
invention. For example, the canceHalion of particular interfering signals 
may be determined by a comparison of a predetermined threshold to a 
ftmction of the adjusted gains (gi. g2. and gs) of the integrators 214. 

10 234. and 254. respecthrely. 

The operation of the preferred embodiment noise canceller is 
su mmar ized as tiw flowchart shown in FiG. 3. A spread-spectrum signal 
having afirst and a second component received 300 from overa 
commurrication channel The first component being received at a 

15 (Sfferent time from the second component In adcStion. the received 
spread-spectnim signal induOBs a known signal (e.g.. a cellular 
communkation system pitot channel signal). A received phase (^. ^ 
and a received amplitude (Ai, for the first and the second 
components of a received spread-spectnim signal te determined 302, 

20 respectively. Subsequently, the recehred spread-spectnim signal first 
and secorKi components are demodulated and maximum ratio 
combined 304. In addition, an estimated signal is generated 306 by 
spreading the known signal at the second component received phase 
witti ttie known signal at the first component received phase (^). 

25 spreadmg the known signal at the second component received phase 
(t2) witti a channel selecting spreading code at ttie first component 
received phase (^). integrating the spread known signal overa 
predetermined time (T). and actjusting a gain of the iiitegrated spread 
known signal as a function of the recoved ampfitudes of the first (Ai ) 

30 and the second components (A2). Subsequently, a portion of a spread- 
spectrum noise signal is canceled 310 by processing the known signal 
out of the received spread-spectium signal through subtracting the 
estimated signal from the demodulated received spread-spectrum 
signal only if 308 the adjusted gain of the integrated form of the spread 

35 known signal (gig2) is greater than a predetermined threshoU. 

SubsequenUy, the spread-spectrum signal receiving process may be 
completed by descrambKng 312 tite processed demodulated fonn of 
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the received spread-spectrum signai by utiRzing a known spreading 
code. In addition, the descrambted received spread-spectrum signal is 
deinterteaved 314 within a predetermined size biodc Rnaliy. at least 
one estimated data tilt is generated 316 by utilzing maximum iilceBhood 

5 decoding techniques which are substantiaiiy similar to the Vrterbi 

decoding algorithm to derive the at least one estimated cteta bit from the 
deintarieaved received spread-spectmm signal 

Although the invention has been descrftied and illustrated with a 
certain degree of particularity, it is understood that the present 

10 dtedosure of embodiments has been made by way of example only and 
that numerous changes in the arrangement and combination of parts as 
well as steps maf be resorted to by those ^(Bled in the art without 
departing from the spirit and scope of the invention as daimed. For 
example, it wiU be appreciated by those sidlled in the art that the above 

15 described noise cancellation techniques can be performed in the 

intermediate or baset)and frequencies without departing from the spirit 
and scope of the present invention as claimed, in adcfition. tlie 
modulator, antennas and demodulator portions of the preferred 
emt)odiment communnation ^stem as descrilwd were directed to 

20 spread-spectrum signals transmitted over a ratSo commurucation 

channel. However, as wiD be understood by tiiosasidned in ttie art. the 
communication channel could aitemaiively be an electronic data bus, 
wireline, optical fiber ink. or any other type of conuminication channel 
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Claims 

What is claimed is: 



5 1 . An apparatus comprising a spread-spectrum noise canceller, the 
spread-spectrum noise canceller comprising: 

(a) determining means for detenmining a received phase and 
a received ampitude for a first and a second component of 
a received spread-spectrum signal, the first component 

10 being difforent from the second component, the spread- 

spectrum signal including a first and a secorwl known 
signal; and 

(b) noise canceling means, operatively coupled to the 
determining means, for canceling a portion of a spread- 

15 spectrum noise signal in the received sprrad-spectnim 

signal t)y: 

(i) generafing an esliinated signal bjf spreadng the 
second known signal at the second component 
received phase with the first known signal at the first 

20 component received phase and acliusting a gain of 

an in te gr ated form of ttw spread second known 
signal as a fundton of the received ampBtudes of 
the first and the second components; and 

(ii) processing the secorxl known sigrmi out of the 

25 received spread-spectrum signal by suimacting the 

climated signal from a de m od ul a ted form of the 
receh/ed spread-spectrum signal. 



2. The apparatus of daim 1 wherein the spread-spectrum noise 
30 canceller canceling means processes the second known signal 

out of the received spread-spectrum signal only if the adjusted 
gain of the integrated form of the spread second known signal is 
greater than a predetermined threshokL 
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The apparatus of daim 1 wherein the spread-spectrum noise 
canoelier canceiing means generates the estimated signal tqr 
further spreadii^ the second ioiown signal at the second 
component received phase with a channel selecting spreading 
code at the first component received phase. 

The apparatus of 1 further comprising: 

(a) descrambfing means, operativeiy coupled to the spread- 
spectnmi noise canoelier, fbrdesoambling the processed 
demodulated form of the received spread-spectrum signal 
by utilizing a known spreading code; 

(b) deinterleairing means, operativeiy coupled to the 
descrambing means, for deinterteaving the descrambled 
received sprsad-spectrum signal within a predetermined 
teblodgand 

(c) decoding means, operativeiy coupled to the deinterteaving 
means, for generating at least one estimated data bit by 
uUBzing maximum Hteihood decoding techniques to 
derive the at least one esdmatad data bit from the 
deinterleaved received spread-spectrum signal. 
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A spread-spectrum signal processii^ method, comprising: 

(a) receiving a spread-spectnim signal having a first and a 
second component from over a communication channel, 
the first component being cBfferent from the second 
component, the spread-spectrum signal including a Urst 
and a second known signal; 

(b) detemnning a received phase and a received amplitude 
fbrthe first and the second components of a received 
spread-spectrum signal; 

(c) demodulating the received spread-spectnim signal; and 

(d) canceKng a portion of a spread-spectrum noise signal in 
the received spread-spectnmi signal by: 

(i) generating an estimated signal by spreading the 
second known signal at the second component 
reoehfed phase with the first known signal at the first 
component received phase, integrating the spread 
second known signal over a predetennined time, 
and adjusting a gito of the Integrated spread 
second known signal as a function of the recehrad 
amplitudes of the first and the second components; 
and 

(ii) processing the second known signal out of the 
received spread-spectrum signal by subtracting the 
estimated signal from the demodulated received 
spread-spectrum signal. 

The method of dahn 5 wherein the step of canoeing comprises 
processing the second known signal out of the received spread- 
spectrum signal only if the acj^ed gain of the integrated form of 
the spread second known signal is greater than a predetennined 
threshoU. 
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The method of claim 5 wherein the step of canoeing comprises 
generating the estimated signal by further spreading the spread 
knovm signal at the second component received phase with a 
channel selecting spreading code at the first component received 
phase. 

The method of daim 5 further comprising: 

(a) descKBmt)ling the processed demodulated fbnn of the 
received spread-spectrum signal by utilizing a known 
spreading code; 

(b) deinterteaving the desciambied recehred spread-spectmm 
sigral within a predetermined size bloclq and 

(c) generating at least one estimated data bit by utilizing 
maximum ikeihood decodbig techniques to derive the at 
least one estimated data bit from the deinterieaved 
received spread-spectrum signal 
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